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Abstract 
SILICON OXIDE NANOPARTICLES REVEAL THE ORGIN OF SILICATE GRAINS 
IN CIRCUMSTELLAR ENVIRONMENTS 
By Penee Arrnaize Clayborne 
A thesis submitted in partial fulfillment of the requirements for the degree of Master of 
Science at Virginia Commonwealth University. 
Virginia Con~monwealth University, 2006 
Major Director: Shiv N. Khanna, 
Department of Physics 
The processes leading to the widespread presence of crystalline silicates throughout the 
galaxy and the origin of silicon nanoparticles thought to be responsible for the observed 
extended red emission in diffuse galactic background are still far from being understood. 
One of the most abundant oxygen bearing species in molecular astronomical regions is 
SiO. It has been conjectured that silicate formation probably proceeds via the 
agglomeration of these molecular species; however there are no studies to reveal the 
microscopic mechanism. We have used a synergistic approach combining experiments in 
molecular beams and first principles theoretical calculation to demonstrate that the passage 
vi 
vii 
from SiO to Si02 proceeds via gradual oxygen enrichment of SinOm clusters and that the 
smallest cascade involves Si203, Si304, Si405, Si506 as the intermediate products. We also 
demonstrate that as the SiO molecules cluster together, the chemistry drives the 
agglomerates towards configurations such that the central core are pure Sin clusters while 
the outer shell are SiO2 molecules. The gap between the highest occupied molecular 
orbital and the lowest unoccupied molecular orbital range from 0.84 to 3.84 eV and hence 
can contribute to the observed extended red emission and blue lun~inescence. The findings 
are of general interest in Astrophysics but are also critical to a fundamental understanding 
of the interstellar extinction. 
CHAPTER 1 Introduction 
1.1 Silicon Monoxide & Silicates 
In chemistry a silicate is a compound containing an anion in which one or more 
central atoms are surrounded by electronegative ligands. Silicon dioxide (SO2), 
commonly referred to as silica, is sometimes considered a silicate. In geology and 
astronomy, silicates represent types of rock and nanoparticles as a class of silicon and 
oxide clusters with a range of oxygen to silicon ratios. Their importance is far reaching 
in various scientific fields. Silicates can be seen in the form of minerals such as quartz 
(SO2) and forsterite (Mg2Si04) [I], dense cloud material such as porous pyroxenes 
(Mg,Fel-,SO3) [2], and in a multitude of other materials. The formation of these 
oxygen rich bearing species throughout the galaxy are still far from being understood. 
It has been proposed the silicate formation in the galaxy occurs by the agglomeration 
of silicon monoxide in various astronomical regions [3-51. 
Silicon Monoxide (SiO) is one of the most abundant molecules in the outflows 
from oxygen rich stellar sources in which silicon is virtually tied up in the gas phase 
[6] .  The silicate ratio of oxygen to silicon is different form the SiO ratio of 1 to 1 and 
for Si02 is 2 to 1. This brings up important questions: How exactly does the process of 
oxygen enrichment occur? Is the process of oxygen enrichment a single step process or 
does the oxygen enrichment occur in a multi-step process? 
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